A Gram-stain-negative, rod-shaped, aerobic and non-motile strain, designated 4-T-34 T , was isolated from a till sample of Collins icecap front, Antarctica, and its taxonomic position was investigated by genotypic, phenotypic and chemotaxonomic analysis. The isolate grew at 4-30 8C (optimum 20-25 8C), at pH 6.0-10.0 and with 0-1.0 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain 4-T-34
The genus Pseudorhodobacter, which belongs to the class Alphaproteobacteria, was first proposed by Uchino et al. (2002) through the reclassification of Agrobacterium ferrugineum (Rüger & Höfle, 1992) as Pseudorhodobacter ferrugineus. At the time of writing, the genus Pseudorhodobacter contains four species with validly published names: P. ferrugineus (Rüger & Höfle, 1992) , P. aquimaris , P. antarcticus (Chen et al., 2013) and P. wandonensis (Lee et al., 2013) . All four species showed that the genus Pseudorhodobacter could be distinguished from the genus Rhodobacter by lower DNA G+C content and the lack of bacteriochlorophyll a (Rüger & Höfle, 1992; Jung et al., 2012; Chen et al., 2013; Lee et al., 2013) . The purpose of the present study was to determine the taxonomic position of strain 4-T-34
T by using a polyphasic approach and to propose that the strain represents a novel species of the genus Pseudorhodobacter.
The till sample was collected from Collins icecap front (628 10.9379 S 588 52.0019 W) in Antarctica. The sample was diluted serially with a sterile 0.85 % (w/v) NaCl solution, and these dilutions were plated onto tryptic soy agar (TSA; BD) and incubated at 4 8C for 30 days. Strain 4-T-34 T was isolated from these TSA plates and cultivated routinely on R2A plates (BD) at 20 8C under aerobic conditions. Colonial morphology was observed after incubation on R2A agar for 3-10 days at 20 8C. Cell morphology was examined by phasecontrast (BX51; Olympus) and transmission electron (Tecnai) microscopy. Gram staining of cells was carried out according to the classical Gram-stain procedure described by Doetsch (1981) . Growth was evaluated at 20 8C on several standard bacteriological media (all from BD): R2A agar, 0.36R2A agar, marine broth 2216 (MB) agar, TSA and nutrient agar (NA). Growth at different temperatures (4, 10, 18, 20, 25, 28, 30, 37 and 42 8C) was investigated on R2A agar for up to 4 weeks. The pH range for growth was determined in R2A broth at pH 4.0-11.0 (in increments of 1.0 pH unit). Salt tolerance was tested on R2A agar supplemented with 0, 0.5, 1, 2, 3, 4 and 5 % (w/v) NaCl for 2 weeks at 20 8C.
Growth under anaerobic conditions was tested on R2A agar in a GasPak (Oxoid) jar at 20 8C for 1 month. Gliding motility was investigated as described by Bowman (2000) . Oxidase activity was evaluated via the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Kovacs, 1956) . Catalase activity was determined by measurement of bubble production after the application of 3 % (v/v) hydrogen peroxide solution. Hydrolysis of starch, casein, hypoxanthine, xanthine, CM-cellulose and Tweens 20, 40, 60 and 80 were performed following the methods described by Cowan (1965) and Reichenbach (1992) . H 2 S production was tested on Tresner medium (1 % peptone, 0.05 % Fe-citrate; pH 7.2) as described previously (Tresner & Danga, 1958) . Production of bacteriochlorophyll a was determined by extraction with acetone/ methanol (7 : 2, v/v) followed by analysis using a Power Wave XS UV/visible spectrophotometer (BioTek) as described by Martens et al. (2006) . Other physiological properties and enzyme activities were determined with API 20NE, API 50CH and API ZYM galleries (bioMérieux), according to the manufacturer's instructions. Antibiotic susceptibility was tested based on the disc-diffusion method (Bauer et al., 1966) , using discs impregnated with the following antibiotics (mg per disc unless otherwise stated): novobiocin (5), ampicillin (10), chloramphenicol (30), gentamicin (10), kanamycin (30), polymyxin B (300 U/IE), lincomycin (2), streptomycin (10), carbenicillin (100) and neomycin (10). After incubation for 48 h at 20 8C, strains were classified as sensitive and resistant; any sign of growth inhibition was scored as sensitivity to that antibiotic, while resistance was indicated if no inhibition zone was observed.
Strain 4-T-34
T grew well on R2A agar, 0.36R2A agar and TSA, but not on MB agar or NA. Cells were Gram-stain-negative, aerobic, non-motile and rod-shaped. Colonies were circular, smooth, convex, white and cream after incubation on R2A agar for 3 days at 20 8C. Growth occurred at 4-30 8C (optimum 20-25 8C) and at pH 6.0-10.0 (optimum pH 7.0). The range of NaCl for growth was 0-1.0 % (w/v); optimum growth occurred in the absence of NaCl. Strain 4-T-34 T was not able to produce bacteriochlorophyll a, since the cell extracts showed no absorption maxima above 600 nm (Fig. S1 , available in the online Supplementary Material). Other physiological characteristics of strain 4-T-34
T are summarized in the species description. Selected characteristics that differentiate strain 4-T-34
T from related species of the genus Pseudorhodobacter are shown in Table 1 .
The 16S rRNA gene of strain 4-T-34
T was amplified using two universal primers 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-TACGGTTACCTTGTTACGACTT-39) (Wilson et al., 1990) . The PCR product was purified with an ENZA gel extraction kit (Omega Bio-Tek), ligated into pMD 18-T vectors (TakaRa) and sequenced. Sequence similarity searches were performed in the GenBank and EzTaxon databases using the BLASTN program and pairwise sequence similarities were calculated through the EzTaxon server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Tamura & Nei, 1993) and minimum-evolution (Rzhetsky & Nei, 1992) methods using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignment of the data using SILVA incremental aligner (SINA; http://www.arb-silva. de). The topologies of the phylogenetic trees were evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates. The DNA G+C content was determined by HPLC (UltiMate 3000; Dionex) according to the method of Mesbah & Whitman (1989) . Respiratory quinones were extracted and identified by HPLC as described by Xie & Yokota (2003) . For analysis of cellular fatty acids, strain 4-T-34
T and the reference strains were grown on R2A agar plates at 20 8C for 3 days, then cell harvesting, and saponification, methylation and extraction of cellular fatty acids were performed following the protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. Separation and identification of fatty acid methyl esters was performed using a gas chromatograph (6890N; Aglient) with MIDI Sherlock TSBA6 database (Sasser, 1990) . For polar lipid analysis, strain 4-T-34
T was grown in R2A broth, and Pseudorhodobacter wandonensis WT-MW11
T and Pseudorhodobacter IAM 12616
T were grown in MB at 20 8C; for both strains, cells from late-exponential growth phase were used. The polar lipids were extracted and analysed by two-dimensional TLC (silica gel plates layer thickness 0.2 mm; Merck) according to Tindall (1990) , using ninhydrin (for aminolipids), molybdenum blue (phospholipids) and phosphomolybdic acid (total lipids) as the stain reagents.
The almost-complete 16S rRNA gene sequence (1426 bp) of strain 4-T-34
T was obtained and shared the highest 16S rRNA gene sequence similarity with P. wandonensis WT-MW11 T (96.9 %). The 16S rRNA gene sequence similarities between strain 4-T-34
T and the type strains of recognized species of the genus Pseudorhodobacter were 95.4-96.9 %, which were below the 97.0 % threshold recommended for the discrimination of separate bacterial species (Stackebrandt & Goebel, 1994) . The neighbour-joining tree ( Fig. 1) revealed that strain 4-T-34
T was affiliated to the genus Pseudorhodobacter, and formed a robust clade with P. wandonensis WT-MW11 The maximum-likelihood and minimum-evolution trees (Fig. S2 ) based on 16S rRNA gene sequences exhibited a similar topology. However, the genus Rhodobacter did not form a robust cluster in the phylogenetic trees, suggesting that it should be split into several genera. Based on phylogenetic data, strain 4-T-34 T could not be assigned to any recognized species of the genus Pseudorhodobacter. The strains P. wandonensis WT-MW11 T was C 18 : 1 v7c (85.5 %). The fatty acid profiles of the novel isolate was similar to those of recognized species of genus Pseudorhodobacter but dif-fered in terms of proportions; detailed fatty acid composition data are shown in Table 2 . The major polar lipids of strain 4-T-34 T . All data are from this study unless otherwise indicated. All strains are positive for activity of esterase (C4), esterase lipase (C8) and naphthol-AS-BI-phosphohydrolase, and susceptibility to gentamicin, kanamycin and streptomycin. All strains are negative for bacteriochlorophyll a and H 2 S production, nitrate reduction, indole production, fermentation of D-glucose, hydrolysis of starch, casein and Tweens 40, 60 and 80, activity of arginine dihydrolase, urease, gelatinase, cystine arylamidase, N-acetyl-b-glucosaminidase, b-glucuronidase, a-mannosidase and b-fucosidase, and assimilation of L-arabinose, potassium gluconate, capric acid and phenylacetic acid. +, Positive; 2, negative; W, weakly positive. were phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, two unidentified aminophospholipids and two unidentified phospholipids. The polar lipids profile of strain 4-T-34 T was similar to those of P. wandonensis WT-MW11 T and P. ferrugineus IAM 12616 T in that phosphatidylglycerol, phosphatidylethanolamine and phosphatidylcholine were present as major polar lipids. However, the profile of strain 4-T-34
T was different in that one additional unidentified aminophospholipid and one additional unidentified phospholipid were present in the novel strain, and one unidentified phospholipid detected in P. wandonensis WT-MW11 T was absent.
On the basis of the data presented, isolate 4-T-34 T represents a novel species of the genus Pseudorhodobacter, for which the name Pseudorhodobacter collinsensis sp. nov. is proposed.
Description of Pseudorhodobacter collinsensis sp. nov.
Pseudorhodobacter collinsensis (col.lins.en9sis. N.L. masc. adj. collinsensis pertaining to Collins, an icecap of Antarctic, from where the type strain was isolated).
Cells are Gram-stain-negative, aerobic, non-motile and rod-shaped (0.5-1.0|1.0-2.5 mm). Colonies on R2A agar are circular, smooth, convex, white and cream, and 0.5-1.0|0.5-1.0 mm after incubation for 3 days at 20 uC. Growth occurs on R2A agar, 0.3|R2A agar and TSA,
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